i 

CO 



PATENT SPECIFICATION ("> 1 321 452 

DRAWINGS ATTACHED 

(21) AppUcation Nos. 7907/70 (22) FUed 19 Feb. 1970 
7908/70 19 Feb, 1970 

(23) Complete Specification -filed 19 April 1971 
(44) Complete Specification published 27 June 1973 

(51) International Classification FO:ffi 47/10 F02M 25/06 

(52) Index at acceptance 

FIB 2A14B 2A15 2A1A 2A1C 2A1E 2A2B3 2A9A 2A9C 
2G1F 2P12 2P1A4 2P1A5 2P2K2A 2P2K2B 
(72) Inventors JOHN HAROLD WEAVING and OBCIL DAVID HAYNES 

(54) ATMOSPHERIC POLLUTION CON TROL ARRANGEMENT 
FOR INTERNAL COMBUSTION ENGINE 




(71) We, British Leyland Motor 
Corporation Limited, a British Company, 
of Berkeley Square House, Berkeley Square, 
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it is to be performed, to be particularly de- 
scribed in and by the foJlowng statement:— 

TKo invonttrkti rAlot^o tA tli<»--^vhaiict ffoc 



bottom dead centre during the power stroke 
of the engine, an additional valve also be- 
ing^ provided which communicates with the 
cylinder and through which part of the gas- 
eous products of combustion are removable 
before Khey have passed through the exhaust 
system of the engine to atmosphere, said 
additional valve being openable during the 
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oxides of nitrogen may be" considerably 
reduced by the recirculation of a propor- 
tion of the exhaust gases into the engine 
via the inlet manifold, through which air or 
air and fuel are normally induced, in the 
cases of compression ignition and spark 
ignition cn^uics respectively. This method 
of introducing exhaust gas causes a reduc- 
tion in power and usually a deterioration in 
fuel consumption. It may also contaminate 
the carburettor in a spark ignition engine. 
Ah object of this invention is to reduce the 
proportions of . oxides of nitrogen in exhaust 
gas coupled with the mitigation or elunina- 
tion of dicse deleterious effects. 

According to the invention, an internal 
combustion engine comprises at least one 
cylinder having an inlet valve arranged to 
close after bottom dead centre following 
the induction stroke of the engine, and an 
exhaust valve arrant—* • -jp^ before 
UMce : 



, ConvenienUy the or each cylinder is as- 70 
sociated with a receiver diamber for the 
part of the gaseous products of cbmbusHon 
removed through the additional valve, the 
latter also controlling the introduction of 
said part of the gaseous products mto and 75 
out of the relevant receiver chamber. The 
or each receiver chamber may conveniently 
be formed in the head of the relevant 
cylmder. 

In yet another arrangement for an engine 80 
compnsing at least two .cylmders each hav- 
mg said additional valve through which part 
of the gaseous products of combustion are 
removable before they have passed through 
the exhaust system of the engme. the engme 85 
mcludes duct means mtercohnecting the 
cylinders for re-introducmg the gaseous 
products of combustion previously removed 
through the additional valve of one cylinder 
into the or another interconnected cylinder 90 
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(71) We. British Leyland Motor 
Corporation Limited, a British Company, 
of Berkeley Square House, Beikdey Square, 
London, W.l, do hereby declare the inyen- 
5 tion, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly de- 
scribed in and by the following statement : — 
The invention relates to the exhaust gas 

10 emissions from internal combustion engines 
and in particular to the emisaon of oxides 
of nitrogen. 

Due to the high temperature of com- 
bustion in the combustion chambers of in- 

15 ternal combustion engines, both of the spark 
ignition and compression ignition types, 
oxides of nitrogen (principally nitric oxide) 
are formed by the combustion of nitrogen 
and oxygen from the air. Oxides of nitrogen 

20 are poisonous and the reduction of them in 
exhaust gases from internal combustion en- 
gines is the subject of legislation or pro- 
posed legislation in several countries. 
It is well-known that the proportion of 

25 oxides of nitrogen may be considerably 
reduced by the recirculation of a propor- 
tion of the exhaust gases into the engine 
via the inlet manifold, throu^ whidi air or 
air and fuel are normally induced, in the 

30 cases of compression ignition and spark 
ignition engines respectively. This method 
of introducing exhaust gas causes a induc- 
tion in power and usually a deterioration in 
fuel consumption. It may also contaminate 

35 the carburettor in a spark ignition engine. 
An object of this invention is to reduce the 
proportions of oxides of nitrogen in exhaust 
gas coupled with the mitigation or elimina- 
tion of these deleterious effects. 

40 Accordmg to the invention, an internal 
combustion engine comprises at least one 
cylinder having an inlet valve arranged to 
close after bottom dead centre following 
the induction stroke of. the engine, and an 

45 exhaust valve— arrmift*-*-— — ^^p^^ before 

IPHce: 



bottom dead centre during the power stroke 
of the engine, an additional valve also be- 
ing provided which communicates with the 
cylinder and through which part of the gas- 
eous products of combustion are removable 50 
before •diey have passed through the exhaust 
system of tiie ragine to atmosphere, said 
additional valve oemg openable during the 

Ewer stroke of the engine before the ex- 
ust valve opens and when the pr^ure 55 
in the cylinder is at least one atmosphere 
greater than atmospheric pressure whereby 
gaseous products of combustion wifl be re- 
moved through the additional valve, said 
additional valve being arranged to re-intro- 60 
duce under pressure the gaseous products of 
combustion previously removed through the 
additional valve into the or anotiier cylinder 
substantially at the time the inlet valve 
closes, or shortly after closure of the inlet 65 
valve, whereby a lower combustion tem- 
perature will be obtained, tiiereby redudng 
the quantity of oxides of nitrogen in tiie 
gaseous products of combustion. 

Convenientiy the or each cylinder is as- 70 
sociated mOi a receiver chamber for the 
part of the gaseous products of combustion 
removed tiirougji die additional valve, the 
latter also controlling the introduction of 
said part of the gaseous products into and 75 
out of the relevant receiver chamber. The 
or each receive chamber may convenientiy 
be formed in flie head of tiie relevant 
cylind^. 

In yet anotiier arrangement for an engine 80 
comprising at least two cylinders each hav- 
mg said additional valve through which part 
of die gaseous products of combustion are 
removable before they have passed through 
the exhaust system of the engine, the engine 85 
mcludes duct means interconnecting the 
cylinders for re-mtroducing the gaseous 
products of combustion previously removed 
through the additional valve of one cylinder 
into the or another interconnected cylinder 90 
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after closure of the inlet valve and "before 
the next opening of the exhaust valve of said 
other cylinder and actuattog means for 
opemng and closing the additional valves 
5 in timed relationship to the opening and 
closing of the inlet and exhaust valves of 
the interconnected cylinders. 

Conveniently in any of the foregoing ar- 
rangements, where the additional, valve is 

10 provided in a cylmder. it may Comprise a 
poppet valve arranged to be op^ed and 
closed by a cam-shaft Where the mlet and 
exhaust valves of the cylinder or cylinders 
are also poppet valves operable by a cam- 

15 shaft or cam-shafts, a cam-shaft, for con- 
trolling the opening and closing of inlet 
and/or exhaust valves may also be em- 
ployed as or be interconnected with the cam- 
shaft for tihe additional poppet valve or 

20 valves. 

Examples of several internal combustion 
engines in accordance with this invention 
are now described with reference to the ac- 
companying drawings, in which: — 

25 Figure 1 is a part end elevation of a 
cylinder block and part-axial section 
through the head portion of a cylinder there- 
of of "a first engine; 
Figure 2 is a diagrammatic view of the 

30 cylinder head on the line II— II in Figure 1; 
Figure 3 is a typical timing diagram for a 
cylinder of the engine shown in Figures 1 
and 2; . 
Figure 4 is an axial section tnrougn a 

35 head portion of a cylinder of a second en- 
gine generally similar to that shown in 
Figures 1 and 2 but having an alternative 
valve mechanism; 
Figure 5 is a diagrammatic drawing 

40 showing end views of the cylinders of a tliird 
engme, each cylinder being generally similar 
to that shown in Figures 1 and 2. 

The first internal combustion engine with 
which this invention is concerned is shown 

45 in Figures 1 and 2 and comprises one or 
more cylinders 1 each containing a piston 
2 and having a head 3 defining seats 4, 5 for 
inlet and exhaust poppet valves of which 
one (the exhaust valve) is shown at 6 in 

50 Figure 1. The valves are opened and closed 
in known manner by an engine-driven cam 
shaft (not shown) tibrougli rocker arras of 
which one is shown at 7. The head 3 of 
each cylinder defines a combustion space 8 

55 provided with a spark plug 12 and leading 
to a closed receiver chamber 9 via a tliird 
poppet valve 10 ananged to be opened and 
closed to admit gases into and out of the 
receiver chamber 9. The third poppet valve 

60 10 is the aforesaid additional valve means. 
The third poppet valve is opened by a fur- 
ther cam diaft 11 engaging a cap 13 carried 
by the end of the shaft 14 of the valve 10 
and is closed by means of a spring 15 act- 

65 ing between the cap 13 and a fixed valve 



housmg 16. The cam shaft 11 is driven in 
timed relation to the mam cam-shaft for 
opening and closmg the inlet and exhaust 
valves. The opemng and closing of the third 
valve 10 is so timed that it will open to the .70 
interior of the combustion space 8 and 
hence to the cylmder 1 for a short period 
commencing shortly before the openuig of 
the exhaust valve 6 and ending before the 
exhaust valve 6 has closed, thereby to allow 75 
a part of the gaseous products of com- 
bustion in the cylinder to be discharged 
into the receiver chamber 9 instead of 
passing throu^ the exhaust valve 6 to the 
exhaust system 17 of the engme. The third 80 
valve 10 IS arranged to be closed before the 
exhaust valve 6 so that after the third valve 
10 has closed the remainder of the g^ses 
exhausted from the cylinder 1 will pass to 
the exhaust system 17, The third valve 10 85 
is arranged to be closed before the pressure 
in the cylinder 1 has dropped to atmo- 
spheric pressure, preferably when the pres- 
sure is between one and two atmospheres 
above atmospheric pressure. The third 90 
valve 10 is re-opened shortly before the in- 
let valve has closed the port 4 to permit 
tlie gaseous products of combustion in the 
receiver chamber 9 to be re-introduced into 
the cylinder. The thurd valve 10 is closed 95 
approximately 60^ after the inlet valve has . 
closed. In this way part of the gaseous pro- 
ducts of combustion arc re-introduced into 
the cylinder 1 without a reduction in the 
inlet charge. Figure 3 is a typical timing 100 
diagram in which the annular positions at 
whidi the exhaust valve 6 opens and closes 
are indicated at A and B, the positions of 
opening and closing of the third valve 10 in 
timed relation to the opening and closing of 105 
the exhaust valve 6 are indicated at G and 
D. As will be seen, the openmg at C of 
the tliird valve 10 occurs before the opening 
at A of the exhaust vailve 6. The third valve 
10 doses Sit D shortly after the exhaust 110 
valve 6 opens. Between positions C and 
A, tlie third valve 10 only is open, and 
during that time the gaseous products, of 
combustion will flow only to the receiver 
chamber 9. During the time between posi- 115 
tions A and D tlie gaseous products of com- 
bustion will flow partly througli tlie third 
valve 10 to the receiver chamber 9 and 
partly to the exhaust ssytem 17 of the en- 
gine. During the time between positions 120 
D and B, the third valve 10 is closed and 
therefore the whole of the gases leaving the 
cylinder 1 will flow through the exhaust sys- 
tem 17 of the engine. The positions of 
opening and closnig of the mner valve are 125 
indicated at E and F respectively and the 
positions of opening and closing of tlie tliird 
valve 10 are indicated at G and H respec- 
tively. As will be seen, for most of the 
period during which the third valve 10 is 130 
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open the inlet valve is closed. The positions 
of opening and closing, indicated at A to H 
of the three valves are typical positions 
shown by way of example only. The con- 

5 figuration of the combustion space 8 and 
the receiver chamber 9 is Uiat adopted in 
an experimental engine and may be of other 
form in a production engine. 
Figure 4 shows an alternative engine in 

10 which a third or additional poppet valve 20, 
similar to the valve 10 in Figure 1, is ar- 
.ranjged to be opened and closed by means of 
a rocker ann 21 and return spring 22 from 
the same cam shaft 23 used to operate the 

15 inlet and exhaust valves of the engine. One 
of the latter valves is shown at 24. The 
. receiver chamber, similar to 9 in Figure 1, 
is shown at 25 and communicates with the 
combustion space 26 above the piston 27 

20 when the valve 20 is open. 

A six-cylinder, four stroke cycle engine, 
eadi having inlet and exhaust poppet valves 
arranged to be interconnected is indicated in 
Figure 5 which shows diagrammatically end 

25 views of the . six cylinders. 

Each cylinder 61. 62, 63, 64, 65 and 66 
has an inlet valve 70, an exhaust valve 71 
and the additional or third poppet valve 72 
and is generally similar to the cylinder illus- 

30 trated in Figures 1 and 2. The seats of the 
additional or third poppet valves 72 of 
cylinders Nos. 61. 62 and 63 are inter- 
connected by a first manifold 73 and the 
seats of the additional or third poppet valves 

35 72 of cylinders Nos. 64, 65 and 66 are inter- 
connected by a second manifold 74. The 
valves 72 are arranged to be opened and 
closed by a cam-shaft similar to that shov/n 
at 11 in Figure 1 or 23 in Figure 4 and their 

40 opening and closing is so timed that the 
cylinders will be interconnected in pairs 
through either the manifold 73 or the mani- 
fold 74. In a six-cylinder engine having a 
conventional firmg order 1, 5, 3, 6, 2, 4, the 

45 cylinders are interconnected in pairs in the 
following sequence :-r-61 and 63. 65 and 66, 
63 and 62. 66 and 64, and 62 and 61. Other 
timing arrangements can be provided for 
engines having different firing orders or dif- 

50 ferent numbers of cylinders. 

The opening and closing of the poppet 
valves 72 are also so timed in relation to the 
timing of the opening and closing of the in- 
let and exhaust valves 70 and 71 of the 

55 relevant cylinders that the additional or 
third valve 72 of one cylinder of an inter- 
connected pair will be opened before and 
during part of the time the exhaust valve 
of that cylinder is open, whereby part of 

60 the gaseous products of combustion will be 
removed from the said one cylinder to be 
reintroduced through the manifold 73 or 
74 into the other cylinder of the intercon- 
nected pair instead of passing throu^ the 

65 exhaust valve of the said one cylinder to the 



exhaust system of the engme. In this way 
there will be pressure in the manifold 73 
or 74 at the Imie the valve 71 is opened. 
The additional or third valve 72 of the 
other cylinder of the pair is timed to be 70 
opened to the said other cylinder at the time 
the inlet valve 70 thereof closes or shortly 
after it has closed. In this way the exhaust 
gases diverted from one cylinder tihrough 
the manifold 73 or 74 are introduced into. 75 
the other cylinder of an interconnected pair 
witiiout affectmg the miet diarge to said 
other cylinder. 

WHAT WE CLAIM IS:— 

1. An interna] combustion enguie com- 80 
prising at least one cylinder having an inlet 
valve arranged to close after bottom dead . 
centre following the induction stroke of the 
engine, and an exhaust valve arranged to 
open before bottom dead centre during the 85 
power stroke of the engine, an additional 
valve also being provided which com- . 
municates with the cylinder and throu^ 
which part of the gaseous products of com- 
bustion are removable before they have 90 
passed through the exhaust system of the 
engine to atmosphere, said additional valve 
being openable during the power stroke of 

tiie engine before the exhaust valve opens and 
when the pressure in the one cylinder is at 95 
least one atmosphere greater than atmo- 
spheric pressure whereby gaseous products 
of combustion will be removed through the 
additional valve, said additional valve being 100 
arranged to re-introduce under pressure the 
gaseous products of combustion previously 
removed through the additional valve into 
the or anotiier cylinder substantially at the 
time the inlet valve closes, or shortiy after 105 
closure of the inlet valve, whereby a lower 
combustion temperature will be obtained, 
thereby reducing die quantity of oxides of 
nitrogen in the gaseous products of com- 
bustion. HQ 

2. An aigine as claimed in Qaim 1 in 
which the or each cylinder is associated witii 
a receiver chamber for die part of the 
gaseous products of combustion removed 
through the additional valve, the latter also 115 
controlling the introduction of said part of 

the gaseous products into and . out of the 
relevant receiver chamber. 

3. An engme as claimed in Claim 2 in 
which said receiver chamber is formed in 120 
the head of the relevant cylinder. 

4. An engine as claimed in Qaim 1 and 
comprising at least two cylinders each hav- 
ing said additional valve through which part 

of the gaseous products of combustion are 125 
removable before they have passed through 
the exhaust system of tiie en^ne, the engine 
also including duct means interconnecting 
the cylinders for re-introducing die gaseous 
products of combustion previously removed 130 
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tfarou^ the additional valve of one,.cylinder 
into the or another interconnected cylinder 
after closure of the inlet valve and before 
the next opening of the exhaust valve of 
said other cylinder and actuating means for 
opening and closmg the additional valves 
in tuned relationship to the opening and 
closing of the inlet and exhaust valves of the 
interconnected cylinders. 

5. An engine as claimed in any preced- 
ing claim in which said additional valve 
comprises a poppet valve and a cam-shaft 
for opening and closing said poppet valve. 

6. An engine as claimed in Qaim 5 
having a cam-shaft for controllmg the open- 
ing and closing of inlet or exhaust valves 
or both inlet and exhaust valves of the 



. engine m which the latter cana-shaft is also 
employed as or is faterconnected with the 
cam-shaft for opening and closmg the 
poppet valve comprising said additional 
valve. , 

7, An internal combustion engine con- 
structed and arranged substantial^; as de- 
scribed herem with reference to Figures 1 
to 3. Figure 4, Figures 5 and 6 or Figure 7 
of tiie accompanying drawmgs. 

WALFORD & HARDMAN BROWN, 
Chartered Patent Agents; 
Trinity House. 
Hales Street, 
Coventry, Warwickshire. 
Agents for the Applicants. . 
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